Intraepithelial lymphocytes (IELs) are located between the epithelial cells of the gastrointestinal tract and are the first lymphocytes of the immune system to encounter exogenous antigens in the gut. However, their precise role in the gastrointestinal immune response is still unclear. In humans, IELs are predominantly CD8+ and most express the a,B isoform of the T cell receptor (c,B TCR), suggesting that they act as MHC class I restricted cytotoxic T cells.'3 By contrast with IELs from different animal species, human IELs show low selective spontaneous cellular cytotoxicity. 6 Moreover, unlike peripheral blood (PB) CD8+ lymphocytes, the mitogen induced cytotoxic activity of human IELs is low and has been shown to have different target cell specificity. 21 However, all these studies were performed exclusively on circulating lymphocytes. In this study, we used these features to examine by two colour flow cytometry the activation status of human intestinal IELs obtained from duodenal biopsy specimens. These results were compared with PB T lymphocytes from the same patients.
The study was approved by the ethics committee of the Federated Dublin Voluntary Hospitals, Ireland.
Methods

PATIENTS
Seven women and five men with mean age 45 (range 27-79) being investigated for upper gastrointestinal symptoms were studied. Disease of the small intestine was excluded at endoscopy and by routine histology of duodenal biopsy specimens in all patients.
INTESTINAL TISSUE
Six biopsy specimens were obtained by endoscopy from the second part of the duodenum from each patient. Two were placed in 10% formalin and sent for routine histology. The remaining four biopsy specimens were placed in ion free (calcium and magnesium free) Hank's balanced salt solution (Gibco) supplemented with antibiotics (100 U/ml penicillin, 100 ,ug/ml streptomycin) and 5% fetal calf serum (FCS) to be used for flow cytometry. PREPARATION Cells from the supematant were washed twice with RPMI-1640 medium. Epithelial and lamina propria cell suspensions were resuspended in 1 ml phosphate buffered saline (PBS) containing 1% bovine serum albumin (BSA) and 0.02% sodium azide and were kept on ice until stained.
PREPARATION OF PERIPHERAL BLOOD MONONUCLEAR CELLS (PBMCS)
Heparinised venous blood (10 ml) was also collected at the time of endoscopy from each patient. The PBMCs were obtained by FicollHypaque density gradient centrifugation at 400 g for 30 minutes (Lymphoprep Nycomed Pharma AS, Oslo, Norway) then washed twice with Hanks's balanced salt solution supplemented with HEPES buffer solution (Life Technologies Ltd, Paisley, Scotland) and antibiotics. Cell pellets were resuspended in 2 ml PBS containing 1% BSA and 0.02% sodium azide and were kept on ice until stained. PB T lymphocytes from five controls were studied for surface marker expression before and after the treatment with EDTA and DDT. respectively (Fig 2) . treated with the same reagents and no significant effect on the expression of these markers was found. Moreover, the intensity of expression of CD8, ota, and T cell receptors was similar on IELs and PB T lymphocytes obtained from the same patients (data not shown). Recently we have shown that the isolation procedure of lamina propria lymphocytes altered the density of expression of all surface markers examined in this study. 22 Thus the intensity of expression lamina propria lymphocyte surface markers cannot be compared with IELs and PB T lymphocytes by this approach.
Discussion
In this study, flow cytometric analysis clearly shows specific DR expression by human IELs. Previously, HLA-DR expression in the small intestine was examined by double labelled immunofluorescent staining of histological sections. Although strong DR expression by enterocytes was detected, DR expression by IELs was not found with this approach.'0 14 23 24 Immunohistological techniques may yield equivocal results if the antigen of interest is expressed at a low density on cells surrounded by high expressing populations. Therefore, failure of previous immunohistological and immunofluorescence techniques to detect the expression of HLA-DR molecules on the surface of intestinal IELs could be due to a detection system that was inadequately sensitive for the lymphocyte subpopulations residing in the epithelial layer. With the development of flow cytometry, it is now possible to detect different low levels of surface marker expression on mixed cell subpopulations. Thus two colour immunofluorescent staining has recently shown that most CD8+ IELs express low levels of CD52 24 whereas immunohistological analysis show CD5 on only 50% of CD8+ IELs.10 23 24 Our studies confirm that flow cytometry is a more sensitive technique for showing low levels of surface marker expression; they show DR expression on all IELs that appeared negative for this marker on previous immunohistological staining.
Classic in vitro models have shown that CD3 expression decreases on T cell activation'8 19 whereas class II molecules are upregulated. In our study, DR expression by human IELs in the presence of decreased expression of CD3 suggests that these cells are activated. A previous study indicated that CD3 levels were similar on human IELs and PB CD8 T lymphocytes.25 However, it was not clear if the intensity of CD3 on IELs was compared with PB T lymphocytes from the same patients at the same time. In this study, we detected a significant diminution of CD3 expression on the surface of all IELs in comparison with PB T lymphocytes from the same patients when paired sample analysis was carried out. This finding could suggest difference in cellular maturation or in the activation state of circulating T lymphocytes and gut resident IELs in vivo. Activation responses of IELs and PB lymphocytes differ-for example, PHA activation results in reduced expression of LFA-1 on IELs whereas it upregulates LFA-1 on PB lymphocytes.26 Current studies in progress show significant differences in the response of surface molecules to cytokine activation in IELs v PB lymphocytes.
An additional marker of classic T cell activation is the expression of IL-2R, which is normally expressed early in the process of T cell activation via the TCR. Studies of human IELs have shown that they produce IL-2 without the expression of the IL-2R when stimulated in vitro with T cell mitogens and that their proliferative response increased dramatically through stimulation of the CD2 receptor. 25 
